Abstract
Introduction
Following in particular the work of Bourdieu, Coleman and Putnam [1] [2] [3] the concept of 'social capital' has gained wide attention within a range of disciplines and from a number of scholars during the last three decades [4] . In public health research, social capital has been defined as 'resources that are accessed by individuals as a result of their membership of a network or a group' [5, p. 291] . In this research, key components of social capital are mutual trust, reciprocity, shared norms and networks [4] .
Recently, interest in social capital at the workplace has increased, in particular in the Nordic countries. Studies suggest that high workplace social capital may protect or even enhance employee health [6] [7] [8] [9] [10] [11] . Healthy norms of behaviour may be easier and more rapidly adopted within workplaces with high social Does workplace social capital protect against long-term sickness absence? Linking workplace aggregated social capital to sickness absence registry data capital, and deviant health-related behaviours may more tightly socially controlled [12] . Further, high workplace social capital may be associated with more emotional support and mutual respect at the workplace and thereby may reduce health-hazardous psychophysiological stress responses [12] .
empirical evidence on the association of workplace social capital and health, however, is weak, as the extant research faces some important limitations. First, the majority of studies are cross-sectional [13] . Most prospective epidemiological evidence on workplace social capital and health comes from one particular cohort study, namely the Finnish Public Sector (FPS) study that has analysed workplace social capital in relation to all-cause mortality [7] , self-rated health [8] , hypertension [9] and depression [10, 11] . Consequently, evidence on the putative association of workplace social capital and health is disproportionally based on public-sector employees in Finland. Only recently have prospective studies from other countries been added, showing associations of workplace social capital with sickness absence in Danish employees [6] and psychological distress in employees in Japan [14] and Belgium [15] . Second, whereas individual-level social capital, i.e. social capital analysed as a characteristic of the individual, was associated with health endpoints in several studies [6-11, 14, 15] , group-level social capital (e.g. mean social capital scores of work units) has been investigated less, and shown in general weaker or no associations with employees' health [7] [8] [9] [10] [11] 15] . this is a reason for concern, as it has been argued that social capital is a group characteristic and not an individual characteristic [5] .
long-term sickness absence (ltSA) has been shown to be a reliable proxy for employees' health, as it predicts both disability pensioning [16] and mortality [17] . to our knowledge, only two studies so far have examined workplace social capital and risk of ltSA prospectively. the BelStReSS study [15] found that individual-level but not group-level workplace social capital predicted ltSA in a sample of Belgian public-and private-sector employees. BelStReSS, however, had only a limited measure of workplace social capital consisting of two single items measuring reciprocity in social support from colleagues and supervisors, respectively [15] . the other study found that individual-level workplace social capital predicted risk of ltSA in a random sample of Danish employees, but that the association was attenuated when adjusting for occupational grade [6] . When stratified by occupational grade, individual-level workplace social capital predicted ltSA among employees of high occupational grade but not among those of low occupational grade.
group-level workplace social capital was not measured in this study [6] .
In this article, we examine the prospective association of group-level social capital (workplace aggregated social capital, WASC) with the risk of ltSA in a sample of Danish private-sector employees. Based on the findings from the previous Danish study on individual-level workplace social capital and risk of ltSA, we hypothesized that WASC would predict risk of ltSA. We further explored whether associations were different for employees of high, medium and low socioeconomic position.
Methods

Study design and sample
this is a prospective cohort study linking survey data on WASC to register information on ltSA with a 52 week follow-up.
We assessed workplace social capital in the Danish National Working environment Survey (DANeS) and ltSA in the Danish Register for evaluation of Marginalization (DReAM) at the National labour Market Authority [18] . Briefly, DANeS was a national Danish study on working conditions and health. It consisted, among other elements, of a workplace sample, comprising 268 workplaces that we used for the analysis in this article. Detailed descriptions of the DANeS study are published elsewhere [19, 20] . Figure 1 depicts the flowchart for creating the sample. Workplaces were selected based on their unique Central Business Register number ('Det Centrale Virksomhedsregister (CVR)' number) via Statistics Denmark. the CVR number relates to the legal unit of the company but not to its physical location. thus, it is possible that in some cases employees from the same company have worked at different physical locations.
Selection of participants.
We stratified the workplaces by the number of employees into three categories: small, medium and large workplaces with 10-99, 100-249 and 250-499 employees, respectively. Workplaces with 500 or more employees were excluded because they could easily be identified and workplaces with less than 10 employees were excluded because they were not available at Statistics Denmark. For each of the three workplace size categories we selected the number of workplaces according to their distribution in Denmark. In total 268 workplaces where identified and within these we randomly selected employees based on their unique personal identification number (CPR number). We selected 12 participants from small workplaces (or all employees if the workplace consisted of 12 employees or less), 24 participants from medium-size workplaces and 60 participants from large workplaces. From October 2008 to March 2009, we sent out questionnaires on working conditions and health to 3823 employees working at these workplaces.
Non-responders first received two reminders and were then invited to participate in a telephone interview. In total, 2616 employees completed the questionnaire (68% response rate) and the final sample consisted of 2043 respondents from 260 workplaces: 191 small, 49 medium and 20 large workplaces with 1048, 537 and 458 employees, respectively ( Figure 1 depicts the exclusion process).
Measuring WASC
to obtain WASC, we first measured individual-level workplace social capital using five items, covering mutual trust (two items) and justice at work (three items), two core dimensions of social capital in a workplace context [21] . All five items had been documented and psychometrically tested in the Copenhagen Psychosocial Questionnaire, version II (COPSOQ-II) [22] : (i) 'Can you trust the information that comes from the management?'; (ii) 'Do the employees withhold information from each other?'; (iii) 'Is your work recognized and appreciated by the management?'; (iv) 'Are conflicts resolved in a fair way?'; and (v) 'Is the work distributed fairly?'.
All items were rated on a five-point scale, ranging from 0 ('to a very small extent') to 4 ('to a very large extent'). Item (ii) was reversely coded. the responses were summed up resulting in individual workplace social capital scores from 0-20 with higher scores indicating higher workplace social capital (Cronbach's alpha = 0.78). Confirmatory factor analysis (CFI) showed an adequate fit to the data (χ 2 = 56.819, df = 5, p < 0.001; RMSeA = 0.072; CFI = 0.981; tlI= 0.963; SRMR = 0.022). Standardized factor loadings were between 0.45 and 0.81. According to the suggested cut-off points by Hu and Bentler both the CFI, tlI and SRMR are acceptable, whereas the RMSeA was slightly above the recommended level of 0.06 [23] .
We generated the WASC score by calculating the mean workplace social capital score for each workplace and assigning this score to all employees working in the same workplace. Respondents who had missing social capital items (n = 115) were also assigned the WASC score of their respective workplace.
Measuring LTSA
We measured the first occurrence of ltSA from the day respondents filled in the questionnaire and 52 weeks ahead in the DReAM register, which has been demonstrated as a valid source for research purposes [18] . DReAM has information on all Danish social transfer payments on a weekly basis since July 1991. In 2008, spells of sickness absence of 22 days (since 2012: 31 days) or longer were registered in DReAM and consequently, we used the first occurrence of such a spell as the outcome of this study.
Measuring covariates
As covariates, we recorded sex, age, survey method (postal or web-based self-administered questionnaire versus telephone interview), cohabitation with a partner or spouse, socioeconomic position, self-rated health, chronic disease at baseline, and workplace size.
We measured socioeconomic position using the european Socio-economic Classification (eSeC) categorized into three subgroups [24] . Self-rated health was measured with a single item: 'In general, how do you think your health is?' with responses categorized into 'good', 'medium' and 'poor' health. We classified participants with a chronic disease if they reported any of the following diagnoses: diabetes, ischaemic heart disease, back disorder, or depression/other psychological disorders.
Statistical analyses
Participants were followed from questionnaire response until the onset of ltSA or censoring due to early retirement, retirement pension, maternity leave, emigration, death or end of follow-up, whichever came first. using multilevel survival models [25] with the Weibull distribution we calculated crude and adjusted hazard ratios (HRs) and 95% confidence intervals (CI) for the prospective association of WASC score at baseline with time to the onset of ltSA or censoring, accounting for the clustering of employees within workplaces.
the statistical models were incrementally adjusted for age, sex and survey method (model I), cohabitation and socioeconomic position (model II), and selfrated health, chronic disease and workplace size (model III). WASC was analysed both as a continuous variable (one standard deviation increment of WASC) and as a categorical variable (WASC score divided into tertiles). effect modification by socioeconomic position was analysed as departure from multiplicativity.
All analyses were conducted using the 'mestreg' command in the statistical software package Stata 14 (StataCorp lP, College Station, texas, uSA). We tested possible violations of the proportional hazard assumption by using Schoenfeld residuals and calculated the fraction of variance in workplace social capital attributable to variation between workplaces by using intra-class correlation (ICC) [25] .
Post hoc analyses
We conducted two post hoc analyses with the purpose of investigating the robustness of the results. First, we examined the association of each WASC item separately with risk of ltSA. Second, we replaced WASC with individual-level workplace social capital as the predictor of ltSA.
results
Study sample characteristics and distribution of WASC
table I shows the characteristics of the study participants at baseline. WASC scores ranged from 7.5 to 19.0 with a mean of 12.9 (SD 1.6). Mean age was 43 years (SD 11.6) and the majority of the sample was men (61.5%) and working-class employees (43.6%). About 5% reported poor self-rated health and 29% had a chronic disease at baseline. the mean number of participating employees nested within the same workplace was 8 (range: 2-47). the amount of variation in workplace social capital explained by workplaces was 8.8% (data not shown in table).
When we compared non-responders and responders, we found that non-responders were more likely to be men and more likely to be of younger age compared to responders (data not shown in table).
WASC and the onset of LTSA
During the one-year follow-up period, 107 (5.2%) of the 2043 participants had an episode of ltSA and 74 (3.6%) were censored due to early retirement (n = 34, 46.0%), maternity leave (n = 24, 32.4%), old age pension (n = 12, 16.2%) or emigration (n = 4, 5.4%). Mean time to the onset of ltSA among those who had an event during follow-up was 23.1 weeks (SD 14.3).
table II presents the crude and adjusted HR for the prospective association of WASC at baseline and the onset of ltSA. In the crude analysis, the HR for a one standard deviation increase in WASC was 0.86, indicating that higher WASC was associated with a reduced risk of ltSA. However, the 95% CI included unity (0.71-1.04), thus the result was not statistically significant. Adjustments for covariates incrementally attenuated the estimate with an HR of 0.93 (95% CI = 0.77-1.13) in the most adjusted model.
When using WASC as a categorical instead of a continuous variable, we did not find any statistically significant associations. there was a tendency for a curvilinear association, with the highest risk of ltSA among those with low or high WASC and the lowest risk among those with medium WASC in all models. However, none of the results were statistically significant (table II) .
Among the covariates, higher age, female sex, living alone, poor self-rated health and chronic disease at baseline predicted risk of ltSA in the fully adjusted model (results available on request from the first author). the association of WASC and ltSA was not modified by socioeconomic position (p = 0.31, results not shown in table).
Schoenfeld residuals tests showed that the proportional hazard assumption was fulfilled in all analyses.
Post hoc analyses
None of the five WASC items showed statistically significant associations with ltSA when analysed separately (data not shown). Analyses of individual-level workplace social capital instead of WASC were also statistically non-significant. the HR of ltSA for a 1 SD increase of individual-level workplace social capital was 0.85 (95% CI = 0.70-1.03) in the crude analysis and 0.94 (95% CI = 0.77-1.14) in the fully adjusted analysis. When individual-level workplace social capital was used as a categorical variable, the HRs for medium and high workplace social capital were 0.62 (95% CI = 0.38-1.01) and 0.67 (95% CI = 0.42-1.08), respectively, in the crude analyses.
In the adjusted analyses, the HRs were 0.72 (95% CI = 0.44-1.17) and 0.85 (95% CI = 0.52-1.40), respectively.
Discussion
the DANeS study could not confirm that higher workplace social capital, measured as a characteristic of the workplace, was associated with a decreased risk of ltSA. Neither WASC nor individual-level workplace social capital significantly predicted risk of ltSA.
Comparisons with previous studies to our knowledge, the only other prospective study to date examining WASC as a risk factor of ltSA was conducted in the BelStReSS study, which also did not find an association between WASC and ltSA [15] . In addition, analyses from the FPS study failed to show associations between WASC hypertension [9] and depression [10, 11] . the association of WASC with risk of low self-rated health, though, approached statistical significance in FPS [8] and there was a suggestive, albeit not statistically significant, association of co-worker assessed workplace social capital with all-cause mortality [7] . Importantly, individual-level workplace social capital predicted health endpoints in FPS, and ltSA in BelStReSS, whereas in DANeS neither WASC nor individuallevel workplace social capital predicted ltSA.
Possible reasons for these conflicting results might be differences in the study sample (public sector in FPS, public and private sector in BelStReSS, private sector in DANeS) and the definition, number and size of workplaces. the term workplace referred to 32 large companies or public administrations in BelStReSS, 260 various-sized companies in DANeS and more than 1500 smaller work units in FPS. thus, the aggregation level of workplace social capital differed between the studies, and it is unknown which level would have been the most appropriate. Further, all three studies used different questions to assess workplace social capital. BelStReSS was limited to items on social support from colleagues and supervisors, whereas DANeS combined items on trust and justice, two core dimensions of workplace social capital [21] . However, FPS probably had the most comprehensive approach by combining items on trust, justice, collaboration, social support and cohesion [26] .
Variation in workplace social capital explained by the workplace
In our study, the workplaces accounted for only about 9% of the variation in the individual workplace social capital scores. this is much lower than the 21 to 22% explained variation reported in FPS [8, 26] . A possible explanation is that in our study a workplace was defined broadly at the company level, not allowing us to differentiate between different work units or work groups within the same workplace. In contrast, FPS aggregated data at a more detailed work-unit level.
Strengths and limitations
Strengths of the study are the prospective design and the assessment of social capital as resources of social entities (i.e. workplaces) that are in concordance with the conceptualization of social capital [5] . Further, by using the well-validated DReAM register for assessing ltSA [18] we omitted loss-to-follow-up and recall bias in the assessment of ltSA and were able to adjust for ltSA prior baseline. Covariates, such as higher age, female sex, living alone, poor selfrated health and chronic disease at baseline predicted risk of ltSA in accordance with prior studies [27] , indicating that the absence of association between WASC and ltSA was not due to measurement errors in the assessment of ltSA. Finally, we consider the use of a random sample of private-sector employees as a strength as the majority of prospective analyses on workplace social capital and health was conducted in FPS, which is limited to the public sector [7-11, 26, 28] .
A major weakness of the study is the low amount of variance in WASC that was explained by workplace. thus, our assessment of exposure was imprecise and we cannot rule out that this might have been a reason for not detecting an association between WASC and ltSA. Further, it is a limitation that workplace social capital and potential confounders were only assessed at baseline. Repeated measurements would have yielded more precise measurements and enabled us to investigate the effect of changes in WASC on risk of ltSA. Additionally, we had no information regarding participants' potential changes of workplace. this might have caused an underestimation of the association as it is possible that some employees changed to another workplace because social capital was low at their current workplace, and were misclassified as exposed to low social capital despite this change.
the response rate in the study sample was moderate (68%) with a lower response rate among men and younger employees. thus, we cannot claim that our sample was representative of the private-sector workforce in Denmark. Further, our analyses were limited to ltSA and our results cannot be generalized to short-term sickness absence.
We measured workplace social capital based on an index of five items representing trust and justice. Following that no unambiguous conceptualization of social capital or workplace social capital exists, the scale in this study reflects one attempt to measure and capture workplace social capital. It cannot be ruled out that different measurements of the concept, for example a recently introduced measure that distinguishes between bonding, bridging and linking workplace social capital [29] , may have yielded different results.
Conclusions and perspectives
We found no evidence that higher workplace social capital, measured as a resource of the workplace or of the individual, decreased the risk of ltSA among employees from the Danish private sector. We suggest that future studies on workplace social capital and health and sickness absence aggregate individual responses on small work units or formal and informal work teams within the workplace to get more accurate measures of workplace social capital as a collective resource.
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